From some Japanese soil, we isolated a strain ofalkalophilic bacterium, Bacillus sp. OK-1, that excreted alkaline phosphatase into the culture broth. From the cell-free supernatant, the enzyme was successively purified by acetone fractionation, Sephadex column chromatography, and DEAEcellulose column chromatography. The final preparation thus obtained showed only a single band when analyzed by SDS-polyacrylamide gel electrophoresis. The molecular weight was estimated as 108,000, and was composed of two subunits having the same molecular weight. The purified enzyme had a pH optimum of ll and was fairly stable between pH 5~12. This enzyme was inactivated by EDTA. Cobalt ions restored the enzyme activity. The Kmwas 0.037mM.
Using a novel screening medium (pH 10) containing /?-glycerophosphate as the sole carbohydrate, we isolated some strains of alkalophilic bacteria that grew in this medium and excreted alkaline phosphatase. Amongthose, a strain, Bacillus sp. OK-1, showed the highest concentration of the extracellular alkaline phosphatase.
In this paper are described the purification and characterization of a novel alkaline phosphatase excreted by Bacillus sp. OK-1.
MATERIALS AND METHODS
1. Primary screening test. Medium-IB (pH 10) containing 1.0% /?-glycerophosphoric acid disodium salt, 0.5% Difco peptone, 0.02% MgSO4-7H2O, 0.02% NaCl, 1643 0.002% KH2PO4, and 1% Na2CO3 (separately sterilized) was used for the primary screening. One drop of a soil suspension was mixed with 2ml of medium-IB in a small test tube and the mixture was kept at 37°C for 3~5 days under observation, until the culture became cloudy from the growth of bacteria.
2. The secondscreening test. One ml of cell suspension obtained by the primary screening test was inoculated into a 250ml Hinton flask containing 50ml of medium-IIIA and cultured at 37°C for 4 days with continuous shaking. The composition of medium-IIIA was: 1%glucose, 0.5% Difco peptone, 0.5% Difco yeast extract, 0.02% MgSO4-7H2O, 0.002% KH2PO4, and 1% Na2CO3 (separately sterilized), pH 10. After removal of cells by centrifugation, the enzyme activity of the cell-free supernatant was measured.
3. Assay for alkaline phosphatase activity.
A 0.1 ml sample of the enzyme solution suitably diluted was added to a mixture of 0.1 ml of 75mMp-nitrophenylphosphate solution and 0.3ml of 0.02m glycine-NaOH buffer (pH 10.4) containing 25mMMgCl2. The mixture was kept at 40°C for 15min. Then, 0.5 ml of 0.1 m trichloroacetic acid (TCA) and 1ml of saturated Na2CO3 solution were successively added and the absorbance of the mixture was Visiting Professor of Tatung Institute of Technology from Kokusai Gakuin Saitama Junior College. measured at 405nm. The reading was corrected for the value of a blank in which the mixture of the substrate and the buffer was kept at 40°C for 15min before the successive addition of the TCA, the enzyme, and the Na2CO3 solutions. A proportional relation between the enzyme concentration and absorbance at 405 nm was observed in the OD range of0.1~0.8. One unit ofenzyme activity was defined as the activity capable of liberating 1 nmol ofpnitrophenol/min per ml of enzyme solution, under the above conditions. 4. Analytical methods. Protein was measured by the method of Warburg-Christian.2) For column chromatography, the protein concentration was estimated by measuring the value of absorbance at 280nm.
For protein analysis, the Phast System developed by Pharmacia Co., Uppsala, Sweden, was used. Sephadex G-150 gel filtration was also used to estimate the molecular weight of native protein.
5. Localization of phosphatase. The bacteria were harvested after 4 days by centrifugation.
One hundred mg of the wet biomass waswashedin water and resuspended in 1ml of water. For cell-wall digestion, 1ml of cell suspension was mixed with 0. 1 ml of 1%lysozyme solution and kept at 30°C for 30min. Phosphatase activities in the cell-free supernatant, whole cells, and lysozyme-treated cells were measured. 6 . Preparation of the crude enzyme. The culture was carried out in a 5 1 jar-fermenter at 37°C for 60hr, using medium-IIIB (pH 10) which contained 1% soluble starch in place of glucose, although the other components were same as those of medium-IllA. After the removal of cells by centrifugation, cold acetone was added to the supernatant at -20°C and the precipitates obtained between 20~50% saturation were collected by centrifugation. The precipitates were dissolved in 20mMTris-HCl buffer (pH 8.5) and freeze-dried. Sixty-six mg of crude enzyme with a specific activity of 240 units/mg was obtained. RESULTS 
Selection of alkalophilic bacterium strain OK-1
From hundreds of samples of soil collected in Japan and in Taiwan, almost 20 strains of alkalophilic bacteria were obtained which were capable of growing in the primary screening medium-IB (pH 10) containing glycerophosphate as the sole carbohydrate. Amongthese strains, one strain, OK-1, had the highest productivity (5.0 units/ml) of the alkaline phosphatase by the second screening test. Table I , the high phosphatase activity in the cell-free supernatant showed that this enzymeis extracellular by the criteria of Pollock.4) The lysozyme-treated cells contained very little activity. Table II shows the yields and specific activities obtained with the purification steps. Throughout all procedures, we used 20mM Tris-HCl buffer of pH 8.5. The crude enzyme was put on a column of DEAE-cellulose (Whatman DE-52) and eluted stepwise with 0.3 m and 1 m NaCl in the buffer.
Localization of the alkaline phosphatase As shown in

Purification of the alkaline phosphatase
The enzyme eluted as a single peak. This preparation was put on a column of Sephadex G-150 and the enzyme eluted as a single peak with the buffer. This preparation was again put on a column of DEAE-cellulose and a linear NaCl gradient in the buffer was used to elute the enzyme. The elution profile is shown in Fig. 1 . Fractions 31~35 were combined, dialysed against the buffer, and lyophilized.
The final preparation had a specific activity of 1650 units per mg protein (Table II) and gave a single band on SDS-PAGE. 20niM Glycine-NaOH; A, 20niM NaHCO3-NaOH; #.
KCl-NaOH.
Estimation of molecular weight
The molecular weight of the enzyme was 54,000 by SDS-PAGE (Fig. 2) but was nearly 1 10,000 by Sephadex G-150 chromatography. Fromthese results, this enzymeappears to be composed of two subunits of similar size. 5 . Properties of the extracellular alkaline phosphatase As shown in Fig. 3 , this enzyme was most active around pH ll in hydrolysing pnitrophenyl phosphate. The enzyme was stable over the wide pH range of 5~12 (Fig. 4) . The optimum temperature was around 50°C and the enzyme was stable below 60°C. Fig. 4 . pH-Stability Curve of the Alkaline Phosphatase. The enzyme was kept at 25°C for 3hr at different pHs. After adjusting the pH, the remaining activity was assayed. The symbols for buffers are those in Fig. 3 .
When the enzyme and inhibitor were incubated in 20mMTris-HCl buffer of pH 8.0, for 40min and at 25°C, the enzyme activity was inhibited by ethyenediamine-tetraacetate (83% at 1.0mM EDTA) but not by pchloromercuribenzoate or phenylmethylsulfonyl fluoride. Dialysis of the enzyme against deionized water also inactivated the enzyme but the enzyme activity was completely restored by the addition of cobalt ions and partially by zinc ions (Table III) . These results indicate that this enzymeis a metalloenzyme. The kinetic properties of the enzyme also were investigated.
The Kmwas 0.037mM, as shown in Fig. 5 .
DISCUSSION
The alkaline phosphatase of E. coli has been reported to be an intracellular zinc metalloenzyme with the molecular weight of 80,000, composed of two identical subunits, the Kmof lmM, and the optimum pH of 10.5~8) The alkaline phosphatase of Bacillus subtilis was found to be tightly bound to the cell wall.9) The purified enzyme was most active at pH 10.5, inactivated by EDTA, restored by cobalt or zinc ions, and its Kmwas 0.036mM.9) The molecular weight of alkaline phosphatase from Bacterium licheniformis was reported to be 121,000
and composed by four subunits.10) Mammalian alkaline phosphatases are intracellular metalloenzymes with molecular weights of 100,000-150,000, optimum pHs The alkaline phosphatase excreted by Bacillus sp. OK-1 is an extracellular metalloenzyme. The molecular weight of the enzyme was estimated to be 108,000, composed of two similar subunits. The high optimum pH and the low Kmvalue are unusual whencompared with other alkaline phosphatases.
The enzymes obtained from alkalophilic bacteria have been well summarized by Horikoshi et al in "Alkalophilic MicroDrganisms" but there is no discription ofphosphatases.12) Since the alkaline phosphatases so far studied are intracellular, this paper presents the first information on a novel extra-
